Serum immunoglobulin A (IgA) is a biomarker of liver disease severity in adult nonalcoholic fatty liver disease (NAFLD). The objective of this study was to assess whether this is true in pediatric NAFLD. This was a retrospective study of children followed in the Steatohepatitis Center of a tertiary care center (2010)(2011)(2012)(2013)(2014)(2015)(2016)(2017). Serum IgA levels, histology and biochemical markers of hepatocellular injury and metabolic dysregulation were collected. Of the 600 children with available serum IgA levels (mean age 14 AE 3 years, 62% boys, 80% non-Hispanic), IgA was elevated in 4%. The group with elevated IgA levels was younger and had a greater representation of Hispanic ethnicity compared with those with normal or low IgA. Body mass index and aminotransferases were not different between the groups. Histology was available for 170 children and was not different in those with elevated, normal and low IgA. In contrast to adults, serum IgA is not a biomarker of liver disease severity in pediatric NAFLD.
N onalcoholic fatty liver disease (NAFLD) can lead to the development of hepatic fibrosis, which in adults is the single most important determinant of long-term patient outcomes (1) . The presence and severity of fibrosis is most accurately determined with histology; however, practitioners are often reluctant to obtain liver biopsies, in part due to their invasive nature combined with the present lack of highly effective treatments for NAFLD (2, 3) . Laboratory-based approaches to non-invasively assessing fibrosis, such as the use of serum biomarkers, either in isolation or as part of fibrosis scores, have not been shown to perform well in pediatric NAFLD (4) . Research is needed to identify accurate, non-invasive biomarkers of liver disease severity. Adult literature suggests that serum immunoglobulin A (IgA) levels may function as such a biomarker (5, 6) .
Serum IgA levels are often elevated in patients with alcoholic fatty liver disease (AFLD) (7) . Given the similarities between AFLD and NAFLD this finding has prompted further investigations regarding the role of serum IgA in adults with NAFLD (5, 6) . IgA has been shown to be the immunoglobulin most frequently elevated in this context, seen in up to 44% of patients with NAFLD, compared to 10% for IgG elevation and 8% for IgM elevation (5) . Furthermore, IgA levels are increased more often and to a greater extent in adults with nonalcoholic steatohepatitis (NASH) compared to those with non-alcoholic fatty liver (NAFL). Similarly, the percentage of patients with elevated serum IgA levels increases progressively with fibrosis stage, and the degree of IgA elevation correlates with fibrosis severity (5) . The addition of serum IgA levels to a mathematical model combining patient characteristics (age and body mass index [BMI] ) and simple laboratory investigations (alanine aminotransferase [ALT], aspartate aminotransferase [AST]) improves the accuracy of advanced fibrosis prediction to an AUROC of 0.87 (5) . There are no data on the utility of serum IgA levels in predicting liver disease severity in children with NAFLD.
The objective of this study was to assess serum IgA levels in a large pediatric cohort with NAFLD and to investigate whether they are reflective of liver disease severity.
METHODS
We conducted a retrospective analysis of children with presumed or confirmed NAFLD evaluated in the Cincinnati Children's
What Is Known
There are no accurate biochemical biomarkers of liver disease severity in pediatric nonalcoholic fatty liver disease. Non-invasive biomarkers of liver disease severity are needed. Serum immunoglobulin A levels are often elevated in adults with nonalcoholic fatty liver disease and correlate with liver disease severity.
What Is New
Only a minority of pediatric patients with nonalcoholic fatty liver disease have elevated serum immunoglobulin A levels. Immunoglobulin A levels do not correlate with serum aminotransferase levels or histological liver disease severity in pediatric nonalcoholic fatty liver disease. Immunoglobulin A levels should not be used as a disease biomarker in children with nonalcoholic fatty liver disease.
Steatohepatitis Center between August 2010 and October 2017, following approval by the institutional review board and waiver of informed consent.
Inclusion criteria were a diagnosis of confirmed (with histology) or presumed NAFLD (elevated transaminases in the context of obesity with or without radiographic evidence of steatosis of the liver and a negative workup for other liver or endocrine disorders) (3) . Exclusion criteria were diagnoses of immune dysregulation, rheumatologic conditions or inflammatory bowel disease, or secondary causes of fatty liver disease (eg, medications) or missing serum IgA levels.
Data collected for this study included baseline demographics, anthropometrics, results of total serum IgA levels, as well as serum ALT, AST, gamma glutamyl transferase [GGT], alkaline phosphatase, albumin, international normalized ratio [INR] and complete blood count levels obtained within 3 months of the IgA level. Increased serum levels of ALT, as well as AST and GGT, have been independently associated with increased histological severity of pediatric NAFLD (8-10) and were therefore used as surrogate markers of disease severity. In addition, data from available liver biopsies were collected. Liver disease severity was determined histologically using the scoring system developed by Kleiner et al (11) . The biopsies were scored prospectively by experienced pathologists of a quaternary pediatric care center. The scores for steatosis, lobular inflammation and ballooning degeneration were added to calculate the NAFLD activity score (NAS). Significant fibrosis was defined as fibrosis stage 2 or higher.
Different age-specific cutoffs determined by the laboratory at Cincinnati Children's Hospital Medical Center were used to determine the presence of low, high and normal serum IgA levels.
Statistical Analyses
Descriptive statistics were used and continuous data were presented as means with standard deviation (SD) or medians (range) depending on their distribution. Comparisons between groups were made using the Student's t test for normally distributed continuous variables and the Mann-Whitney U test for not-normally distributed variables. Chi-square testing was used to compare proportions. Analysis of variance was used to compare continuous variables across different groups. Pearson correlation was used to identify associations between variables. Statistical analyses were performed using Stata MP 13.0 (College Station, TX).
RESULTS
Of 797 children and young adults (mean age 13 AE 3 years, 62% male, 80% non-Hispanic, median BMI 34 kg/m 2 ) who had screening bloodwork upon referral to the NASH clinics at CCHMC since August 2010, 600 (75%) had had serum IgA levels measured. The primary reason for missing IgA levels is that celiac disease screening, which is currently recommended by the most recent pediatric NAFLD guidelines for patients with presumed NAFLD (3), was not done routinely until 2012.
The median serum IgA level of the entire cohort was 147 mg/dL (range 6-446). According to age-specific cutoffs, 23 patients (4%) had elevated IgA and 30 (5%) were IgA deficient. The clinical and biochemical characteristics of patients grouped by IgA levels are shown in Table 1 . Compared to those with normal or low IgA levels, the group of patients with high IgA levels had a greater representation of younger, Hispanic children. Biochemical markers of liver injury were not different between the groups.
There was no correlation between serum IgA levels and ALT or AST (r ¼ 0.03, P ¼ 0.42; and r ¼ 0.04, P ¼ 0.29; respectively). Weak correlations were found between IgA levels and BMI (r ¼ 0.14, P < 0.01), GGT (r ¼ 0.11, P < 0.01) and alkaline phosphatase (r ¼ À0.17, P < 0.01). When dividing the cohort by HbA1c levels, no difference in serum IgA levels was found between those without (HbA1c 5.7%) and those with evidence of pre-diabetes/ diabetes (HbA1c > 5.8%; mean (AESD) IgA ¼ 157 AE 72 vs 170 AE 77 mg/dL, respectively; P ¼ 0.17).
Histology was available for 170 patients (n ¼ 8 of the 30 with low IgA [27%], n ¼ 160 of the 547 with normal IgA [29%] and n ¼ 2 of the 23 with elevated IgA [9%]). The overall proportion of low, normal and high IgA in the subset with histology was 5%, 94%, and 1%, respectively. The mean steatosis score of the entire cohort was 1.9 AE 0.9 and the mean score for lobular inflammation was 1.2 AE 0.7. Significant fibrosis (fibrosis stage ! 2) was seen in 32 (19%) patients; the proportion of patients with fibrosis stages 0, 1, 2, and 3 was 48%, 33%, 10%, and 9%, respectively. No patient had stage 4 fibrosis. IgA levels were measured at a median time of 160 days before the liver biopsy (interquartile range 48-445). There was no correlation between serum IgA levels and time from bloodwork to the liver biopsy (r ¼ À0.10, P ¼ 0.20).
There was no difference in steatosis severity (mean score: 1.9 AE 1.0 vs 1.9 AE 0.9 vs 2.5 AE 0.7, respectively; P ¼ 0.63), lobular inflammation severity (mean score: 0.9 AE 1.0 vs 1.2 AE 0.7 vs 1.5 AE 0.7, respectively; P ¼ 0.35), or NAS (mean score 3.5 AE 1.6 vs 3.7 AE 1.6 vs 4.5 AE 2.1, respectively; P ¼ 0.90) between patients with low, normal and elevated serum IgA levels. The NAS was !5 in 51 (30%) patients. Serum IgA levels were not different in those with NAS < 5 compared to those with NAS ! 5 (151 AE 67 mg/dL vs 146 AE 70 mg/dL, respectively; P ¼ 0.35). The distribution of IgA levels did not vary by NAS score (P ¼ 0.86). The proportion of patients with NAS < 5 and !5 was also not different between the groups of patients with low, normal and elevated IgA levels (Table 1 ). There were no significant differences in IgA levels of patients with different degrees of portal inflammation (143 AE 67 mg/ dL vs 156 AE 69 mg/dL vs 142 AE 64 in those with portal inflammation score of 0, 1, and 2, respectively; P ¼ 0.45).
Serum IgA levels across different stages of fibrosis are shown in Figure 1 . There was no difference in serum IgA levels between those with (F1-F3) and without (F0) fibrosis (146 AE 72 mg/dL vs 152 AE 63, P ¼ 0.62). The proportion of patients with different fibrosis stages was not different between the groups (Table 1) .
DISCUSSION
In a large cohort of predominantly non-Hispanic, obese children with NAFLD, serum IgA levels were elevated in only 4% of patients. Children and adolescents with elevated IgA levels were more likely to be younger and of Hispanic ethnicity compared to those with normal or low IgA levels. In the entire cohort, IgA levels were not associated with metabolic dysregulation or liver disease severity, as reflected by degree of serum aminotransferase elevation. Furthermore, in a large sample of patients with histologically characterized NAFLD, the distribution of IgA levels did not differ by NAS and fibrosis severity, nor did the proportion of patients with high, normal or low IgA level differ by NAFLD severity.
To date, adult literature on serum IgA levels in the context of NAFLD has yielded somewhat conflicting results. McPherson et al found that almost half (46%) of adults with NAFLD in Australia had elevated serum IgA levels (5). A study from Iran however, failed to show a difference in serum IgA levels between patients with NAFLD and healthy controls (12) . Both studies, as well as another report from Japan, reported higher IgA levels in patients with more advanced liver disease, particularly those with NASH and advanced fibrosis (5, 6, 12) . In our large pediatric cohort, we found a low prevalence of high IgA levels. Further, both serum IgA levels, as well as the proportion of patients with elevated IgA were not different in those with more advanced liver disease.
It is not clear why patients with NAFLD would have elevated IgA levels and whether IgA plays a role in the pathogenesis of this condition. It has been postulated that dysbiosis seen in the context of NAFLD (13, 14) and its impact on the intestinal barrier and the immune system may contribute to IgA release from the gut (5). Indeed, intestinal plasma cells are a major source of IgA synthesis (15) . IgA secreted in the intestinal lumen not only prevents microorganisms from crossing the gut barrier but also alters the intestinal microbiota composition, as shown in various animal models (16) . One can also hypothesize that differences in the microbiome between adults and children may contribute to the discrepancies between the previously reported adult literature and the results of this study. Our study was not designed to address this hypothesis, which remains to be investigated further.
The histological data available for this study were obtained from patients who had undergone liver biopsies for clinical indications. At our institution, the decision to proceed with a liver biopsy is made when other liver diseases need to be excluded or when there is a concern regarding advanced liver disease, for example, in the context of persistently (>6 months) and significantly elevated (ALT > 50 U/ L) or rising liver enzymes in patients with risk factors that have been associated with more severe disease (eg, dyslipidemia, prediabetes or type 2 diabetes, obstructive sleep apnea, etc). Interestingly, the results of our study revealed that, while approximately one-third of those with normal or low IgA had undergone liver biopsies, the patients with elevated serum IgA levels had undergone liver biopsies at a much lower frequency of only 9%. This may be a reflection of the younger age of this group of patients; however, it does also suggest that from a biochemical perspective there may have been less evidence of increased liver disease severity over time in this subgroup, further strengthening the results of our study that overall found no association between elevated IgA levels and increased NAFLD severity.
The strengths of our study include its novelty, as it is the first to determine prevalence of elevated IgA in a large cohort of children with NAFLD. We also had a large cohort of children with histologic confirmation and staging of liver disease severity, with a sample size comparable to other published studies that have identified clinical or biochemical characteristics associated with severity of NAFLD in children (cohort size ranging from 149 to 186 children) (8, (17) (18) (19) . Limitations of our study include its retrospective nature and the variable timeframe between measuring serum IgA levels and obtaining the histology data. In addition, the low prevalence of high IgA levels in the cohort in general, and among the subset with biopsy data, precluded multivariable analyses to study the association between IgA and serological or histologic features of NAFLD. Finally, our cohort is predominantly non-Hispanic, reflecting the demographics of our regional pediatric NAFLD population. Therefore, generalizability to Hispanic youth with NAFLD is unknown.
In summary, serum IgA is not an optimal biomarker of liver disease severity in pediatric NAFLD.
